In this work, the effects of matrix interferences on the analytical performance of a new multiresidue method based on off-line solid phase extraction followed by reversed-phase liquid chromatographic separation and electrospray triple quadrupole mass spectrometric detection were investigated. This technique allows the simultaneous determination of 30 triazines, phenylureas and chloroacetanilides, extracted from freshwaters, in 40 minutes. Quantifications were performed with the use of appropriate internal standards (i.e. atrazine D5, diuron D6 and metolachlor D6). The limits of quantification were from 1 to 32 ng L -1 for the triazines, from 5 to 59 ng L -1 for the phenylureas and from 13 to 54 ng L -1 for the chloroacetanilides. The matrix effects were studied by spiking various waters (i.e. tap, river, pond and sea waters) with the chemicals of interest. The results showed that the samples with the highest conductivity (i.e. seawater) and the most abundant dissolved organic matter content (i.e. pond water) exhibited important matrix effects with signal suppressions and high imprecision, respectively. These matrix effects were strongly minimized by performing appropriate internal standardizations. Afterward, this analytical method was applied for analyzing environmental samples from either river or estuarine waters and for monitoring herbicide input in a freshwater-seawater interface.
Introduction

59
Herbicides are representative of 40-45 % of the agricultural pesticide use in the 60 world 1 . Regarding the herbicide legislation, there are some differences between US and 61 European policies. For instance, the phenylureas are not used at all in US whereas several 62 triazines and phenylureas are controlled or even forbidden in Europe. This is the case of the 63 atrazine since it was completely banned from the agricultural use in many countries (e.g. 64
Germany, Italy, Austria, Sweden, Norway and France). However, several triazines and 65 phenylureas are authorized for the non-agricultural purposes which represent 22 % of the total 66 herbicide use 1 . The European framework directive in the field of water policy 2000/60/EC 2 67 seek to prevent deterioration, to enhance and to restore bodies of surface water, to achieve 68 good chemical and ecological status of such water and to reduce pollution from discharges 69 and emissions of hazardous substances. Among these hazardous substances, the monitoring of 70 herbicides such as atrazine, simazine, alachlor, diuron and isoproturon in freshwaters is 71 imperative and there is a need for pertinent and accurate data to compare with current 72 legislation and environmental quality standards 3 . Regarding to drinking water, the levels of 73 the pesticide residues in natural waters is of public concern and the maximum concentration 74 admissible for pesticides is 0.1 µg L -1 for individual compounds and 0.5 µg L -1 for the sum of 75 them 4 . 76 Several methods were developed for the simultaneous analysis of different herbicide 77 classes. Multiresidue methods using GC/MS can be applied for the analysis of triazines 5, 6 78 and chloroacetanilides 6, 7 but the determination of thermally labile phenylureas is more 79 delicate since the degradation products depend on the injection solvent composition 8 . 80
Classical approaches are based on on-line or off-line solid-liquid extractions followed by 81 HPLC-DAD analyses [9] [10] [11] [12] but UV detection lack of specificity and both identifications and 82 extraction and rinsing steps were carried out under a 400 mm Hg vacuum (1 mmHg=133.322 128 Pa). The SPE cartridges were successively washed with 10 mL of methanol, conditioned with 129 (Table 1) 24 . For this purpose, 3×200 mL of non fortified matrices (either tap, river, 142 pond or sea water) were conditioned, filtered and preconcentrated using SPE as described 143 previously. All the extracts were dried with nitrogen, spiked with 100 µg L Optimization of source, gas and compound dependent parameters were achieved by infusing 179 pure standard solutions (1 mg L -1 in acetonitrile:water mixtures) into the turboionspray source 180 at a flow rate of 10 μL min -1 by using a syringe pump. The ionization mode was positive, the 181 ion spray voltage was held at +5500 V and the declustering potential was optimized for each 182 compound with voltages of about 20-30 V. The electron multiplier was set up to 2400 V. The 183 nebulizing gas CG1 (N 2 ), the drying-gas CG2 (N 2 ) and the curtain gas (N 2 ) pressures were 45 184 psi, 80 psi and 40 psi, respectively. The CG2 temperature was set up to 500°C. CID product-185 ion spectra were acquired by colliding the Q1 selected precursor ions with N 2 (CAD=3 psi) 186 and applying collision energies from 25 to 40 V in Q2. Both Q1 and Q3 were operated at unit 187 resolution and the step size was m/z=0.1. The optimal multiple reaction monitoring (MRM) 188 quantitative transitions of both test chemicals and internal standards are reported in Table 4 . 189
The parent ions of the MRM transitions correspond to the [M+H] + molecular peaks. Dwell 190 times of 50 ms were used for each triazine or phenylurea whereas dwell times of 100 ms were 191 used for each chloroacetanilide. A total dwell time of 1,9 s was used, resulting in a minimum 192 of 12 data points for every chromatographic peak. Both external and internal calibration 193 procedures were performed and the concentration ranges for the calibration curves were from 194 5 to 500 µg L -1 for the triazines and from 10 to 500 µg L -1 for both phenylureas and complex. Alternatively, the calibration standards can be make up in a matrix extract rather 214 than in a pure solvent 19, 27 . The problem with this method is that the composition of such an 215 extract cannot be guaranteed to be identical to that in which the chemical of interest must be 216 determined 22 . Another common approach is based on the standard additions. Such a method 217 provides both good accuracy and precision but the main disadvantage is that further analyses 218 must be performed. Therefore, this approach is not suitable for daily and extensive analyses. 219
Lastly, the use of internal standards would improve both accuracy and precision 17, 18, 27 , but 220 appropriate internal standards are sometimes not available. Concerning this work, different 221 water matrices were spiked with the chemicals of interest for estimating the matrix effects. 222
Some internal standards representative of three different herbicide classes (i.e. triazines, 223 phenylureas and chloroacetanilides) were selected. Both internal and external calibrations 224 were done and compared. 225
Triplicates of unfortified tap, river, pond and sea waters were preconcentrated using 226 SPE. The matrices were spiked with both test chemicals and internal standards after solid 227 phase extractions in order to eliminate the variability of the SPE recoveries and to estimate the 228 matrix effects only. The seawater matrix analysis showed background concentrations lower 229 than the limits of detection (LODs) for every compound. The analysis of the blank river 230 matrix revealed background concentrations lower than the limits of quantification (LOQs; 231 Table 4 ) for atrazine, DEA and simazine, and lower than the LODs for the other chemicals of 232 interest. The analysis of the blank pond matrix showed background concentrations lower than 233 the LOQs for diuron, fenuron, isoproturon and monuron, and lower than the LODs for the 234 other chemicals of interest. Consequently, for each matrix, the contribution of the background 235 concentrations was negligible (lower than 1 and 5 µg L -1 for the triazines and the phenylureas, 236 respectively) in comparison to the concentrations of the fortifications (100 µg L -1 ). The Table  237 1 gives the concentrations calculated with either external calibrations or internal calibrations. 238
The spiking of tap and river waters with the test chemicals showed no significant differences 239 between the internal and external calibrations (Table 1 ). There were also no peculiar matrix 240 effects since the mean values of the triplicates were contained between 88 and 119 % of 241 deviation (85-115 % for the internal calibrations). For the two matrices, the relative deviations 242 from the expected 100 µg L -1 may be attributed to the instrumental uncertainty. 243
The HPLC-DAD analysis of both river and pond matrices spiked with the test 244 chemicals may indicate the higher abundance of UV-absorbing organic matter in the pond 245 water (Figure 2 a) . The results of the dissolved organic carbon analysis (Table 2) confirmed 246 this assumption with values of about 92 and 1.7 mg L -1 for the pond and river waters, 247 respectively. Thus, the SPE purification did not eliminate all the dissolved organic matter 248 (DOM) and regarding to the pond matrix, the concentrations were slightly overestimated with 249 the external calibration (Table 1) , especially for phenylureas and chloroacetanilides with 250 relative deviations between 106 and 128 % (except fenuron with 98 %). Steen et al. 28 251 observed some matrix effects such as ion suppression with the presence of DOM like humic 252 acids. The authors performed external calibration and suggested the use of a tandem 253 aminopropyl/LiChrolut EN SPE set-up for removing the humic acids. In our case, the SPE 254 procedure was not modified for the pond matrix and the use of surrogates such as diuron D6 255 and metolachlor D6 minimized the matrix effects for phenylureas and chloroacetanilides, 256 respectively. Actually, relative deviations of 100-114 % for both classes with the internal 257 calibration (except DCPMU and fenuron with 120 and 92 %, respectively) were observed. For 258 the triazines, the use of DEA D6 instead of atrazine D5 as internal standard for both DIA and 259 DEA did not provide significant improvements of the results. Prometryn D6 was also tested 260 for the quantification of the methylthiotriazines (i.e. irgarol 1051, prometryn, ametryn and 261 terbutryn). The correction of the matrix effects was slightly better for some compounds (e.g. 262 112 % instead of 121 % for terbutryn) but the occurrence of non-deuterated prometryn (about 263 1 % of the internal standard as impurity) could be problematic for the measurement of this 264 herbicide at trace level. Furthermore, the interfering DOM present in the pond sample matrix 265 induced higher imprecision with the external calibrations than with the internal calibrations. 266
For instance, with the external calibration, relative standard deviations were higher than 25 % 267 for 11 compounds and the respective RSDs of some herbicides like cyanazine and IPPU were 268 up to 43 %. Regarding to the internal calibration method, the RSDs were mostly ≤ 10 % and 269 the highest value was observed for IPPU (24 %). Therefore, methods based on standard 270 addition into such a matrix without internal standard corrections might result in imprecise 271
quantifications. 272
The seawater matrix is characterized by a low DOC content and the highest 273 conductivity (Table 2) . Like the river water, the HPLC-DAD analysis of the seawater (not 274 showed) revealed the low abundance of UV-adsorbing interfering compounds. The HPLC-275 ESI-MS/MS analysis (Table 1) showed strong ion suppression effects for some triazines like 276 atrazine (62 %), DEA (61 %), DET (59 %), simazine (52 %) and terbuthylazine (66 %) when 277 only external standardizations were performed. Signal suppression or enhancement was 278 reported by Gil-García et al. 29 concerning the ESI analysis of some pyrethroids in seawater. 279
The authors attributed these matrix effects to the presence of salts and others ionic compounds 280 in the ionization source and suggested a cleanup step during the SPE procedure. In our study, 281 the use of appropriate surrogates clearly reduced the matrix effects since values from 82 % 282 (simazine) to 116 % of deviation (DIA and the metoxuron) were observed. Lastly, the RSDs 283 were slightly better and acceptable with the use of internal standards (≤ 22 %). 284
Finally, it seems that internal standardization is necessary for a matrix with high DOM 285 content (i.e. pond water) for a better precision. This approach is also useful and sufficient for 286 improving the accuracy with some peculiar matrices (i.e. sea water). 287
288
HPLC-ESI-MS/MS multi-residue analysis and SPE recoveries 289 290
The SPE optimized recoveries obtained with tap waters fortified with either 0.1 µg L -1 291 (n=5) or 0.5 µg L -1 (n=10) of test chemicals are reported in Table 4 . The lowest values were 292 observed for DEA and metazachlor with 73 %, fenuron and metobromuron with 75 %, and 293 simazine with 78 %. For all the other herbicides, recoveries were ≥ 80 %. As shown before, 294 the matrix effects are low for the tap water, especially with the use of surrogates. 295
Consequently, these values really correspond to the SPE recoveries and they are in good 296 agreement with the previous results obtained by for extracting 297 neutral phenylureas and acidic sulfonylureas. Different volumes of methanol were used for 298 the elution and there was no real improvement of the results over 5 mL of solvent 23 . The 299 extractions carried out with the Oasis HLB cartridges showed good reproducibility for most of 300 the test chemicals (RSD ≤ 18 %). Only DET exhibited a really higher RSD (22 %). 301
Reproducibility of the SPE-HPLC-MS/MS method was carried out with the measurement of 302 the same material (tap water spiked at two different levels, Table 4 ) under changed conditions 303 of time (1 week between each extraction and analysis) and with different observers. 304
The limits of quantification (Table 4) Brittany. However this compound is used as biocide in the antifouling paints 30 and its 343 occurrence is probably due to the high sailing activity at the Arzal dam. At the same date, the 344 analysis of the sample from Les Granges at low water revealed the occurrence of atrazine, 345 DEA, simazine, diuron, isoproturon and acetochlor whereas the Maresclé (sample colleted 346 during the low water as well) was less impacted by these chemicals (detection of metolachlor 347 only). The sampling site of Les Granges is closer to the Arzal dam and, consequently, it 348 should be more contaminated by the herbicides carried out by the freshwaters from the river. 349 However, the daily amount estimates of some herbicides like diuron and irgarol 1051 were 371 higher on June 12 th (770 g and 610 g, respectively) than on may 29 th (520 g and non-detected, 372 respectively). In the same way, the large daily amount of isoproturon (570 g 
